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RACISM-RELATED CHRONIC STRESS EFFECTS ON  
HIPPOCAMPAL-DEPENDENT MEMORY 




 The incidence of Alzheimer’s Disease (AD) in the African American (AA) and 
Hispanic or Latino American populations in the United States (US) is twice as high 
compared to non-Hispanic White Americans. The study of race-related factors to explain 
the disparity in the incidence of AD and other health outcomes has been of growing 
interest. African Americans in the US experience higher discrimination due to race on a 
daily basis than any other minority group, and race-based discrimination (racism) is a 
known chronic stressor. It has been shown that in humans and rodents, chronic stress 
negatively affects hippocampal-dependent memory and reduces hippocampal volume. 
Pattern separation (PS), the ability to create distinguishable memory traces for similar 
information and thus avoiding interference to discriminate between similarly 
patterned visual percepts, is known to rely on the dentate gyrus (DG) hippocampal 
subfield integrity. Although the detrimental effects of chronic stress have been 
documented before, the effects of racism-related chronic stress (RRCS) on hippocampal-
dependent memory system remain understudied. This pilot/preliminary study tested the 
hypothesis that higher frequency of experiences of discrimination in AA older adults 
would correlate with deficits in a behavioral PS task and with DG/CA3 volume. Seven 
African American older residents from the greater Boston area participated in both the 
cognitive testing to examine behavioral PS and structural MRI to examine DG/CA3 
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volume. Contrary to our hypothesis, a Spearman correlation analysis did not demonstrate 
a significant association between discrimination scores and behavioral PS performance or 
DG/CA3 volume. However, a significant correlation was found between performance on 
the behavioral PS task and right DG/CA3 volume. These results are consistent with 
previous studies on PS. Continued future research on the impact of RRCS on the 
hippocampal memory system among AA older adults as an important modulating factor 
in health for this population is needed. 
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As the population continues to grow, the number of people with neurological diseases 
like Alzheimer’s disease (AD) is expected to rise as well. In the United States, the 
incidence and burden of AD and other dementias is expected to double by 2060.1 
Minority groups in the United States, especially African Americans (AA) and Hispanics 
or Latino Americans, have up to twice as high incidence rate for AD when compared to 
age-matched non-Hispanic White Americans (nHWA).1,2 Importantly, genes like the 
allele apolipoprotein ε4 (ApoE-ε4) have been robustly associated with a higher risk for 
AD, but studies have shown that this association is weak in AA. 3 Although African 
Americans have a higher prevalence of the allele ApoE-ε4 than other ethnic groups, their 
risk for developing AD with the ApoE-ε4 allele is lower compared to nHWA who have 
this genetic risk factor, indicating that other risk factors, like other genes or 
environmental factors, could account for a larger incidence of AD in this group.3–5 It has 
also been shown that on average, African American older adults perform lower than non-
Hispanic White American on a range of cognitive tests6,7, although cognitive decline does 
not differ between the racial/ethnic groups.8 This disparity in the incidence of AD and 
cognition raises several important questions about the risk factors that could be uniquely 
affecting this group.  
 
Memory impairment and cognitive decline are symptoms presented in AD and episodic 
memory—the ability to store and distinguish between similar life events—is known to 




lobes that is affected in the early stages of AD.9,10 Furthermore, adult neurogenesis, the 
birth of new neurons in the adult brain, is a feature almost unique to the hippocampus that 
is affected by AD.10 Adult Hippocampal Neurogenesis (AHN) is known to occur in the 
dentate gyrus (DG) subfield of the hippocampus and surviving newborn cells mature to 
become functioning granule neurons. The dentate gyrus is acknowledged to be 
responsible for pattern separation (PS), the ability to create distinguishable memory 
traces in the brain for similar information and thus avoiding interference to discriminate 
between similarly patterned visual percepts, a process important for episodic memory.11,12 
Using an animal model to promote survival of new-born cells, Sahay et al., showed that 
increasing AHN improves PS performance.13 Other studies show a positive modulatory 
effect of aerobic exercise on AHN and PS in mice14,15 and behavioral PS performance in 
humans16. In older adults, an age-related decline in PS performance has been well 
documented and has been further positively associated with DG/CA3 hyperactivity17 and 
volume.18,19 Consistent with other work, Yassa et al., reported that older adults, compared 
to young adults, were more biased to answer “old” to similar-new (lure) objects (called 
pattern completion) and required a higher level of dissimilarity in order to successfully 
distinguish them as similar.17 Moreover, even with the volumetric changes that occur in 
the hippocampus during normal aging, DG volume could predict behavioral pattern 
separation performance.19 Taking these results together suggest that taxing PS could 





AHN is negatively associated with stress.21–24 During the initial response to stress, the 
hypothalamic-pituitary-adrenal (HPA) axis is activated by the release of the 
adrenocorticotropic hormone (ACTH), leading to the release of cortisol, the primary 
stress hormone, from the adrenal gland into the blood circulation. As cortisol reaches the 
brain, it downregulates the release of corticotropic-releasing hormone mediated via the 
glucocorticoid receptor, that in turn reduces ACTH circulation.25 The hippocampus and 
entorhinal cortex have a high concentration of glucocorticoid receptor, highlighting the 
vulnerability of these brain structures to stress.25–27 Experiments from animal studies 
show that chronic stress contributes to dendritic atrophy and affects branching patterns in 
the CA3 hippocampal subfield and negatively impacts episodic memory.28–30 These 
results are in agreement with neuroimaging studies in older adults showing that chronic 
stress reduces hippocampal volume31,32 and negatively affects hippocampal-dependent 
memory.22,33   
 
Of importance, studies of memory decline in the AA population have not examined 
personal experiences of racial discrimination, a known chronic stressor.2,31,34–36 Despite 
race being a social construct with no biological support,37,38  racism is defined by Clark et 
al. as the negative belief and attitudes towards individuals or groups based on physical 
characteristics or group affiliation that results in unequal opportunities and access to 
power and resources for the oppressed group (e.g. AA) compared to the group who holds 
the power.39,40 This can be manifested as belief, stereotypes or discrimination in three 




quality of education, employment or housing) and internalized (e.g. negative attitudes 
towards the same racial group).35,41,42 Data show that AA in the United States experience 
higher discrimination due to race/ethnicity on a daily basis than any other racial minority 
group.43 In fact, racism is a known chronic stressor40,43 and the extent to which racism-
related chronic stress (RRCS) can shape the health disparities is of growing 
interest.34,36,39,41 Older AA adults showed a negative association between perceived 
discrimination and cognition.44 Although the stress response to an acutely stressful 
experience can have a positive impact on cognition45, prolonged chronic stress can have a 
wide and harmful impact on health including suppression of the immune system, 
hypertension, and obesity.34,39,45,46 The latter two are risk factors for AD47 and have been 
linked with RRCS, where a higher frequency of perceived racial discrimination is 
associated with a greater incidence of obesity and hypertension.34,46 Taken together these 
results suggest that RRCS could, at least in part, explain the disparity in health outcomes 
and AD between African Americans and non-Hispanic White Americans.   
 
Given the history of racism in the United States, and the relatively short time that has 
passed since discriminatory treatment was legal (e.g. Jim Crow Laws48), studying RRCS 
effects on cognition and brain function in the AA older adult population is of critical 
importance. In the present study, I will examine the hypothesis that greater perceived 
racial discrimination is correlated with poorer hippocampal memory system function in 
AA older adults. Specifically, episodic memory will be assessed using the Mnemonic 




episodic memory9,20,49 that is sensitive to AHN.13 I will test two predictions: greater self-
reported perceived racial discrimination will be correlated with lower performance on the 
MST (Aim #1) and lower volume in the DG/CA3 hippocampal subregion given its role in 
PS (Aim #2). This study aims to assess the effects of racial discrimination on the 
hippocampal memory system to determine if this type of chronic stress could explain, at 
least in part, health disparities in cognition and Alzheimer’s disease in African Americans 












Data for this experiment was taken from a larger research study looking at the 
associations between stress, cognition, HPA axis, and hippocampal volumetric measures 
in the AA population in Boston compared to AA in the U.S. Virgin Island of St. Croix. 
The results presented in this study are based on data from Boston participants only. 
 
Participants  
Participants aged 50 to 80 years who identified as black or AA not of Caribbean descent 
and who were cognitively healthy were recruited from the communities in the greater 
Boston area. For inclusion in this study, participants had to have English as their primary 
language and have lived 40 years or longer in the greater Boston area. Before the first 
visit, participants were screened over the phone for inclusion in the study. Exclusion 
criteria included psychiatric and stress-related conditions, such as major depression and 
anxiety disorder or Post-Traumatic Stress Disorder, and neurological conditions, 
including any diagnoses of dementia. Also, individuals taking medications that affect 
cognition (e.g. antidepressants, stimulants) or cortisol levels (e.g. corticosteroids) were 
excluded. Since a saliva sample was collected during the second visit (not reported in this 
thesis), participants were screened for oral health. Because smoking status has been 
associated with higher cortisol levels,50 current smokers were excluded as well. 
Participants who participated in the MRI portion of the study were also screened for any 




removed. Initially, of the 20 participants recruited, 7 participants were excluded due to 
low scores on the Montreal Cognitive Assessment (MoCA), indicating possible cognitive 
impairment, and 3 never came to their scheduled appointments. Overall, 10 completed 
the study, of whom 7 participated in the MRI portion. 
 
Perceived Experiences of Discrimination Measure 
Perceived discrimination was assessed using the day-to-day unfair treatment portion of 
the Experiences of Discrimination (EoD) questionnaire, a 10-item survey that includes 
questions about the frequency that participants have felt they are treated unfairly on ten 
different aspects of day-to-day experiences and to judge the reason they thought they 
were treated unfairly (e.g. race, sexual orientation, gender, etc). Available answers for 
frequency were “never”, “once”, “two or three times”, “four or more times”. The EoD 
has been validated as a good measure of perceived discrimination51 (min. Cronbach’s 
alpha = 0.74, test-retest reliability coefficient 0.70) and has been used before in the AA 
older adult population.44,52 Scoring was done following previous work by Krieger et al..51 
Briefly, participants who endorsed having experienced unfair treatment with “race” as the 
main reason “four or more times” were given 5 points, “two or three” received 2.5 points, 
“once” got 1 point, and “never” got 0 points. Nonetheless, since all of our participants are 
African American, an endorsement for “shade of skin” as the main reason for 
discrimination was considered the same as discrimination due to race. A sum across all 
events gave the discrimination score, ranging from 0 to 50, where higher scores indicated 




Pattern Separation Measure 
Because pattern separation is difficult to measure in humans, due to its 
neurophysiological computational nature, it is measured by the behavioral response when 
a person is compelled to do pattern separation in a situation. That is when a participant is 
presented with a novel but similar-looking item (or scene) as one presented before and 
has to correctly identify it as similar instead of a new, old item (or scene). The mnemonic 
similarity task (MST), an item recognition task, has been developed to assess behavioral 
PS in humans.53 As previously mentioned, PS has been recognized to rely on the integrity 
of the CA3 and DG hippocampal subregions,12,17,54 and is sensitive to AHN.13 In fact, a 
decline in MST performance has been associated with normal cognitive decline in aging 
older adults.55 Briefly described, during the first of two phases, an incidental encoding 
phase, 128 images of common items were presented on a computer screen for 2s each 
(0.5s inter-stimulus interval) and participants were asked to classify them as “indoor” or 
“outdoor” items. During a second phase immediately after, the surprise retrieval phase, 
192 images of common items were presented and in each trial participants had to classify 
each item as (i) the same (targets), (ii) unrelated new (foils) or (iii) similar new (lures) to 
an item presented in phase 1. The distribution for each stimulus was equally divided 
between the three categories (64 each) and presented in random order with the same 
temporal parameters. The performance was measured using the Lure Discrimination 
Index (LDI), which is the rate of “similar” responses given to lures (hits) minus the rate 




the ability to distinguish and classify novel but similar information as similar instead of 















Figure 1. The Mnemonic Similarity Task (MST) paradigm. During the first phase, 
participants encoded a series of images followed by a second phase, where 192 images 
are presented and in each trial, participants had to classify each item as (i) the same (old), 
(ii) unrelated new (foils) or (ii) similar new (lures) to an image presented in phase 1. 64 
images for each category were presented at random for 2s each (0.5 inter-stimulus 




Perceived Stress Measure 
To measure general stress not necessarily related to racial discrimination, participants 
answered the14-item perceived stress scale (PSS) developed by Cohen et al. (1983).56 
The PSS has been shown to have good reliability and validity as a measure of an 
individual’s perception of psychological stress.31,32,56 The PSS measures how stressful 
one perceives life to be in the month prior to the assessment, based on different situations 
(e.g. how often have you felt that you were unable to control the important things in your 
life?). Higher PSS scores reflect higher perceived stress. 
 
MRI acquisition  
Magnetic Resonance Imaging (MRI) data were collected on a 3 Tesla Phillips Achieva 
scanner at Boston University Center for Biomedical Imaging (CBI). The study protocol 
for the MRI visit included multiple MRI scans. For this experiment, we acquired a whole-
brain structural T1-weighted magnetization prepared rapid acquisition gradient echo 
(MPRAGE; TR = 6.8 ms, TE = 3.1 ms, Matrix size = 256 x 254, voxel size = 0.98 mm x 
0.98 mm x 1.20 mm, Field of View = 250 mm). In addition, we acquired a T2-weighted 
structural image using coronal sections along the long axis of the hippocampus that had 
high in-plane resolution (HIRES, TR = 3000 ms, TE = 80 ms, Matrix size = 576 x 450, 







Subfield Segmentation and Volumetry 
Hippocampal subfield volumes were measured using the automated segmentation of 
hippocampal subfields (ASHS) toolbox developed by Yushkevich et al57. This machine-
learning software automatically segments hippocampal subfield (CA1, CA2, CA3, CA4, 
DG) using multi-atlas label fusion coupled with learning-based error correction. The 
program further distinguishes and measures other areas in the medial temporal lobes that 
include: the subiculum, the perirhinal cortex, the entorhinal cortex, the collateral sulcus, 
and the fusiform gyrus. To measure the volumes of these areas, ASHS uses high-
resolution T1-weighted and T2-weighted images. This software is publicly available for 
use and has been validated before as a good tool for hippocampal subfield 






All statistical analyses were calculated using RStudio version 3.4.3. Due to the small 
sample size, correlations were assessed with Spearman’s rank analyses. Perceived 
discrimination, measured by the EoD questionnaire, was first analyzed in relation to the 
PSS score, to assess if the frequency of perceived discrimination correlated with higher 
perceived general stress. To examine the association of perceived racial discrimination 
with MST performance, the EoD scores were analyzed in relation to lure discrimination 
index (Aim #1). To analyze the association of perceived racial discrimination and our 
region of interest brain volume, LDI was analyzed in relation to bilateral DG/CA3 
volumes (Aim #2). To see if general stress, not necessarily related to racial-
discrimination, was correlated with MST performance, PSS score was further correlated 
with LDI. A Mann-Whitney U analysis was done in order to compare if there were any 
sex differences across all variables (education, MST performance, EOD score, PSS, Left, 













Demographics of the 7 participants who completed the study with MRI are presented in 
Table 1. A Mann-Whitney U test was performed to look for differences between male 
and female participants. There was no significant sex difference for any of the variables 
(education, MST performance, EOD score, PSS, Left DG/CA3 volume) except in the 
right DG/CA3 subregion brain volume, where males had greater volume (U = .00, p = 
.034).  
 




Age 55 – 75 (59) 55 – 59 (58) 57 – 75 (72) 
Education (years) 12 – 16 (14) 12 – 15 (14) 12 – 16 (14.5) 
MST Performance 50.34 – 68.4 (55.29) 54.9 – 68.4 (56.25) 50.3 – 59.1 (53.91) 
EoD Score 10 – 50 (27.5) 10 – 50 (27.5) 14 – 37.5 (26.5) 
PSS 6 – 38 (21) 6 – 31 (9) 9 – 38 (26.5) 
Left CA3/DG (mm3) 708.07 – 818.34 (724.65) 720.50 – 818.34 (757.40) 708.07 – 804.24 (716.36) 
Right DG/CA3 (mm3) 601.52 – 929.85 (820.41) 821.65 – 929.85 (907.05)* 601.52 – 820.41 (722.99) 
Table 1. Participants Demographics, Mean/Median Scores, and ROI means. Data 
presented as range (median). Males had statistically significant larger right DG/CA3 









Aim #1: Correlation between discrimination and pattern separation performance 
Perceived Racial Discrimination and General Perceived Stress (PSS) 
Given that racial-based discrimination is a known chronic stressor, a Spearman’s rank 
correlation was used to calculate the association between EoD score and PSS score.  
Their correlation was not significant, (rs(5) = .11, p= .66; Figure 2).  
  
Perceived Racial Discrimination and MST Performance 
For my Aim #1, I hypothesized that higher EoD score would be negatively associated 
with performance on the MST task. To assess this relationship, I calculated the 
Spearman’s rank correlation. The correlation was not significant (rs(5) = .27, p = .56; 
Figure 3).  An analysis of the correlation between MST performance and education level 
was not significant, meaning that performance on the task was independent of years of 
education. At the same time, in Figure 4, general perceived stress (PSS score) also was 





















Figure 2. Correlation plot between the discrimination score and general perceived stress 










Figure 3. Correlation plot between discrimination score and MST performance (using 













Figure 4. Correlation plot between general perceived stress (PSS score) and MST 















Aim #2: Association between Racial Discrimination Score and Dentate Gyrus 
Volume 
Pattern Separation Performance and Dentate Gyrus/CA3 Volume 
Because of limitations in reliably isolating the DG from the CA3 hippocampal subregion, 
we combined the two subregions into one region and refer to it as DG/CA3 from now on. 
This procedure is compatible with other studies looking at the relationship between MST 
performance and dentate gyrus activity/volume and is considered a valid approach.12,17,54 
Moreover, the ROI volume was divided by the intracranial total volume (ICTV), and this 
measure was used in the analyses as a volumetric fraction of ROI in order to control for 
brain size differences. As previously mentioned, the mnemonic similarity task taxes 
behavioral PS, a process thought to occur in the dentate gyrus. A Spearman’s correlation 
analysis showed that MST performance was significantly associated with the right 
DG/CA3 volume (rs(5) = .79, p= .036), where better performance on the MST was 
associated with greater DG/CA3 volume. In contrast, the correlation with the left 
DG/CA3 volume did not reach significance (rs(5) = .50, p= .25). Figures 5 and 6 show 
the graphical association between right and left DG/CA3volume and MST performance, 
respectively.  
Perceived Racial Discrimination and Dentate Gyrus/CA3 Volume 
For my Aim #2, I hypothesized that a higher EoD score would correlate with smaller ROI 
volumetric measures due to stress-induced structural changes in the brain. Spearman’s 
rank correlations were not significant for either ROIs, left and right DG/CA3 (rs(5) = .04, 













Figure 5. Correlation plot between right DG/CA3 and MST performance (using LDI). 










Figure 6. Correlation plot between left DG/CA3 and MST performance. The correlation 













Figure 7. Correlation plot between the discrimination score and left DG/CA3. The 










Figure 8. Correlation plot between the discrimination score and right DG/CA3. The 






The goal of this study was to assess the impact of RRCS on the hippocampal memory 
system. Our data did not show that a higher frequency of racial discrimination was 
associated with greater general perceived stress. Contrary to our results, previous studies 
show that perceived discrimination due to race or skin tone is associated with greater 
psychological distress.34,51 On the other hand, opposite to what was expected, the 
frequency of perceived discrimination did not account for the performance in the 
behavioral-PS task. Human studies looking at the relationship between stress and PS have 
primarily used an acute stress model (stress at one point in time) in the context of fear 
overgeneralization or anxiety.59,60 In those models, acute stress during the consolidation 
period of a memory trace, but not on the retrieval, enhances behavioral PS performance.59 
Inclusion of a less subjective measure of stress in this study, such as a direct measure of 
circulating cortisol, may have provided a more sensitive index of perceived 
discrimination, as measured with the EoD. We would expect this association to be 
positive given the positive relationship between PSS and EoD scores found in the 
literature.34    
 
Future studies, with a greater number of participants, may also need to consider factors 
that may modulate the perceived stress and discrimination scores. For example, it has 
been argued that neuroticism, a personality trait characterized by a tendency towards 




higher levels of neuroticism have a tendency to endorse greater psychological distress.61–
63 Also, under this model, it is possible that people with high neuroticism have a bias to 
perceive being discriminated against. Consistent with this idea, Barnes et al. found that 
neuroticism modified the association between perceived discrimination and cognition.44 
Specifically, those who scored high on discrimination and high on neuroticism performed 
better on the different cognitive tasks, while those with low neuroticism performed 
poorly.44 Other studies in the African American population have looked at the effects of 
internalized racism and have found that internalized racism is highly associated with 
depression64 and stress symptoms65, perceived stress66 and hypertension.67 Internalized 
racism can also mediate the association between frequency of racist experiences and 
stress.65  On the other hand, increased resilience through the use of different coping 
strategies have a protective effect against the detrimental effects of racism on health.68,69 
This positive association has been reported to modulate the effects of RRCS on systolic 
blood pressure70 and stress levels.71 Overall, our preliminary findings were not 
significant, but a higher number of participants is needed to make any firm conclusions 
regarding if stress related to racial discrimination has an impact on the hippocampal 










The only statistically significant finding of this experiment was the correlation between 
MST performance and the volume of right DG/CA3 (p < .05). This coincides with the 
literature on fMRI and PS, where activity in the dentate gyrus/CA3 hippocampal 
subregion during the MST is associated with the lure discrimination index.12,17 The 
present study further supports this correlation using volumetric measures, in line with 
other studies that have provided evidence that the DG volume can predict accuracy in 
behavioral PS.19  
 
Given that adult hippocampal neurogenesis is known to occur in the DG13, and stress 
negatively affects it23, it is possible to expect that volumetric changes of this ROI can 
correlate with performance on a PS task.18,19 On this line, it has been reported that stress 
in mice affects AHN processes primarily in the ventral hippocampus, analogous to the 
anterior hippocampus in humans.72 Previous work from our lab has seen that following 
endurance training, change in cardiovascular fitness was associated with anterior 
hippocampus DG/CA3 volume increase and better performance in a similar PS task using 
face stimuli.16 Perhaps restricting the analysis to the anterior portion of the DG/CA3 
subregion would result in a significant correlation between the discriminations scores and 






Contrary to my hypothesis, discrimination scores were not correlated to the ROI 
volumetric measures. Although our analysis combined the dentate gyrus and CA3, it is 
worth noting that each region is involved in different roles during the MST. The DG has 
been implicated in pattern separation while CA3 is involved in recognition.17,19 A 
simplified view of the theoretical model is that the DG works in discriminating between 
overlapping inputs coming from the entorhinal cortex. Through its mossy fibers, the DG 
communicates with the CA3 subregion which serves in recognition of previously seen 
input by the recurrent collaterals. The CA3 has been already implicated in memory 
recall73,74 and pattern completion in rodents.75 It would be of interest, to examine the 
correlation between discrimination scores and volume separately for DG and CA3.  
 
Limitations and Future Directions  
There are limitations to the methods and analyses used in this pilot study. First, the small 
number of participants limited statistical power and increased the probability of a type II 
error (false negative), failing to reveal significant differences and associations that may 
have been found with a larger sample. Also, other forms of measuring stress, such as 
salivary cortisol, and including other factors in the analyses, such as a measure of 
neuroticism, could also be beneficial in determining the complexity of the relationships 
between perceived discrimination, stress, and memory. Furthermore, the lack of the use 
of covariates in the analyses, which was not possible due to the small sample size, did not 




of these limitations can be easily addressed by including more participants along with 
measuring these and other potentially confounding factors. 
Nevertheless, the preliminary results from this pilot research study can inform future 
research on the relationship between perceived racial discrimination and behavioral PS.  
Future studies should be conducted to further investigate how other forms of chronic 
stress affects performance on the MST. An example of this would be to examine if the 
burden of socioeconomic status, a type of chronic stressor known to be a modulator of 
health in minority groups76, could predict performance on the MST. Additionally, even 
though it was outside of the scope of this project, it may be of interest to also analyze the 
correlations of discrimination scores and other hippocampal subregions, since the 
atrophic effects of stress have been found in other subregions, like the CA2 and CA4,32 as 
well as anatomically adjacent cortical regions involved in memory that have important 
connections to the hippocampus, such as the perirhinal and entorhinal cortex.77 
Investigation of multiple ROIs can also help to examine the specificity of the DG/CA3 in 
relation to perceived discrimination. Addressing these limitations will provide more 
reliable results in the much-needed research of stress and memory in the African 







The current study did not find any significant association between race-based perceived 
discrimination and performance on a behavioral pattern separation task (1) and dentate 
gyrus/CA3 hippocampal subfield volume (2). Nonetheless, performance on the 
Mnemonic Similarity Task was significantly correlated to dentate gyrus/CA3 volume. 
Further study is warranted due to the small sample size. Future studies on the memory 
and cognition on AA should consider examining the RRCS as an important characteristic 
of this population. The work presented here is another step in the much-needed research 
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